Background: Bupropion and venlafaxine are effective antidepressants with unique pharmacological profiles. Objectives: The purpose of this meta-analysis was to determine the efficacy, acceptability, and tolerability of bupropion and venlafaxine therapies for adults with major depressive disorder (MDD). The authors searched clinical trials with low risk of bias, performed from January 1985 to February 2013. Data sources: The searches of MEDLINE, EMBASE, CINAHL, PsycINFO, and Cochrane Controlled Trials Register were conducted in February 2013. Included populations consisted of adult patients with MDD or major depression. Study eligible criteria, participants, and interventions: Included studies were randomized controlled trials (RCTs) comparing bupropion and venlafaxine in adult patients with MDD and offering endpoint results relevant to: (1) severity of depression; (2) response rate; (3) remission rate; (4) overall discontinuation rate; or (5) discontinuation rate due to adverse events. Limitation of language was not utilized. Study appraisal and synthesis methods: The abstracts located from the electronic databases were reviewed. The completed reports from pertinent studies were examined, and essential data were extracted. Based on the Cochrane's bias assessment, risks of bias were assessed. Any study with two risks or more was excluded. Efficacious outcomes included the mean changed scores of rating scales for depression, overall response rates, and overall remission rates. Acceptability was determined by the overall discontinuation rates. The discontinuation rates due to adverse events were the measurement of tolerability. Relative risks (RR) and weighted mean differences or standardized mean differences with 95% confidence intervals (CI) were computed using a random effect model. Results: A total of 1,117 participants in three RCTs were included. Depression rating scales used in one and two studies were the 17-item Hamilton Depression Rating Scale and the Montgomery-Asberg Depression Rating Scale, respectively. The pooled mean changed scores of the bupropion-treated group were comparable to those of the venlafaxine-treated group with standardized mean differences (95% CI) of 0.05 (−0.16 to 0.26). The overall response and remission rates were similar with the RRs (95% CI) of 0.92 (0.79-1.08) and 0.97 (0.75-1.24), respectively. The pooled overall discontinuation rate and discontinuation rate due to adverse events were not different between groups with the RRs (95% CI) of 1.00 (0.80-1.26) and 0.69 (0.44-1.10), respectively. Limitations: The small number of RCTs included in the meta-analysis.
Background
Selective serotonin reuptake inhibitors (SSRIs) [1] [2] [3] and tricyclic antidepressants (TCAs) 4, 5 are common agents for the treatment of major depressive disorder (MDD). However, some MDD patients do not remit despite receiving an adequate dose and duration of SSRIs and TCAs. The response and remission rates of MDD patients treated with SSRIs are 62%-63% 6, 7 and 38%, 8, 9 respectively. Those rates for TCAs may be modestly higher (68% and 44%, respectively). In addition, the discontinuation rate due to adverse events might be as high as 13% and 11%-17% for SSRIs and TCAs treatment, 10 respectively. The overall discontinuation rates, as a measure of acceptability, in those patients are 27% for SSRIs and 27%-34% for TCAs. 10 These high withdrawal rates suggest that a significant proportion of MDD patients cannot accept or cannot tolerate SSRIs or TCAs.
Sexual dysfunction is a common side effect of antidepressant therapy. The overall rate of treatment emergent sexual dysfunction related to antidepressants may be as high as 15%-80%. [11] [12] [13] Antidepressants increasing serotonergic function have a negative effect on all three phases of the sexual response cycle, including sexual desire, arousal, and orgasm. Therefore, serotonergic antidepressants, especially SSRIs and selective serotonin-norepinephrine reuptake inhibitors, tend to possess the risk of sexual dysfunction. Recent studies suggest that adjunctive treatment with bupropion can improve sexual function in both women and men with SSRI-induced sexual dysfunction. 14, 15 Bupropion is a dopamine-norepinephrine reuptake inhibitor. It is effective not only for depressive disorders but also for nicotine dependence 16 and attention-deficit hyperactivity disorder. 17 Possibly due to the lack of serotonergic activity, 18 it has less propensity to induce sexual dysfunction, weight gain, and a psychological side effect of apathy syndrome [19] [20] [21] [22] than SSRIs. These adverse events are important because they are the primary reasons of SSRI discontinuation. 23 Venlafaxine is a serotonin-norepinephrine reuptake inhibitor approved for the treatment of MDD patients. This agent is of interest because its efficacy is relatively superior to other antidepressants; eg, SSRIs 24, 25 and duloxetine. 26 However, its discontinuation rate due to adverse events appears to be higher than that of SSRIs. 27 Because bupropion has pharmacological and clinical profiles different from most antidepressants and venlafaxine is highly effective, we proposed to carry out a meta-analysis comparing it with venlafaxine in patients with MDD in terms of: efficacy, as measured by pooled mean change scores of depression severity, response, and remission rates; acceptability, as measured by overall discontinuation rate; and tolerability, as measured by discontinuation rate due to adverse events. In addition, sexual dysfunction in both groups was also compared. Only randomized controlled trials (RCTs) were included.
Methods

Eligibility criteria
Eligible studies were RCTs comparing bupropion and venlafaxine in MDD patients aged 18-65 years old. Severity of depression was rated at baseline and the end of treatment with a standardized rating scale. 28 The rates of response, remission, overall discontinuation, or discontinuation rate due to adverse events were reported. The RCTs with any duration of treatment for major depressive episode, diagnosed by any set of criteria, were included. No language restriction was applied.
information sources
The searches of MEDLINE, EMBASE, CINAHL, PsycINFO and Cochrane Controlled Trials Register databases were conducted in February 2013. In accordance with the MEDLINE search, the earliest publications regarding bupropion and venlafaxine were 1977 and 1985, respectively. Thus, searching for those publications covered the period from 1985 through February 2013. Searching was restricted to adult humans. Additional studies were also searched from the clinical trials registry, including ClinicalTrials. gov, the EU Clinical Trials Register, and the databases of GlaxoSmithKline and Pfizer, producers of the original bupropion and venlafaxine, respectively. The reference of the article given by any method was explored. All accordant RCTs and clinical controlled trials were taken into account.
Searches
To optimize the sensitivity in identification of the randomized clinical trials, the searched strategy for MEDLINE adhered to these words and phrases: "(bupropion) OR (Wellbutrin)" AND "(venlafaxine) OR (Effexor) OR (Efexor)" AND Drug Design, Development and Therapy 2013:7 submit your manuscript | www.dovepress.com
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Bupropion for major depressive disorder "(major depressive disorder) OR (MDD) OR (major depression)". Similar search strategies were used for the other databases.
Study selection
To determine if articles conformed to the included criteria defined above, all abstracts searched by electronic databases were independently assessed by the reviewers (NM and BM). After the full-text relevant article was collected, the reviewers then independently examined its eligibility. All disagreements on such eligibility were resolved by a consensus.
Data collection process
After an extraction form of data was generated, the first reviewer (NM) extracted all data into this form. Those extracted data were audited by the second reviewer (BM). Any disagreements between the two reviewers were resolved by consensus. In the event that any disagreement could not be resolved, the fourth author (MS) made a decision.
Data items
Extracted data were acquired from individual studies, including: (1) the essential information used for validity evaluation; (2) basic demographic data of subjects, criteria for diagnosis, study designs, and eligible/ineligible criteria; (3) forms, doses, and period of treatment with bupropion and venlafaxine; (4) interesting results. If possible, the intentionto-treat outcomes were documented.
Risk of bias in individual studies
The assessment of internal validity (quality) of each included study was conducted by two reviewers (NM and BM). According to the Cochrane Collaboration quality assessment, the risk of bias was measured on: (1) sequence generation (randomization); (2) allocation concealment; (3) blinding of participants, personal and outcome; (4) incomplete outcome data; (5) intention-to-treat analysis; (6) selective outcome reporting; and (7) other biases. 29 Those risks were categorized by low, high or unclear risk of biases. 29 Trials with more than two high risks were excluded from the analysis.
Summary measures
Interesting results comprised efficacy, acceptability, and tolerability. Efficacious measurement depended on the scores of changed mean rated on an MDD scale, and the rate of response was determined by any defined criteria. Although the use of acceptability and tolerability is interchangeable, they each had their own specific definition. According to a recent meta-analysis, this review defined acceptability as measured by the overall discontinuation rate. 30 Similar to a previous review, tolerability, which frequently reflects the side effects of medications, 31 was gathered from the discontinuation rate due to adverse events. Any dichotomous or continuous data relevant to sexual functions were also recorded.
Relative risk (RR) with a 95% confidence interval (CI) was applied for synthesis of the discontinuous data. The RR of 1 demonstrates that there were no differences between two groups. For an unexpected result, an RR less than 1, indicated less possibility to obtain this result. In this review, RRs were applied for comparing the rates of response, remission, overall discontinuation, and discontinuation due to adverse events between two groups.
A weighted mean difference (WMD) or standardized mean difference (SMD) is defined as the mean difference between comparison groups that is divided by an estimate of the within-group standard deviation. Mean differences, with 95% CI, were applied for synthesizing the continuous data. If measurement of outcomes used different rating scales across studies, a direct comparison or combination of the study results may be implausible. When the effect is expressed as SMD which has no units, the results can be combined. If the same rating scales were used, a WMD, directly comparing or combining the study results, can be applied. In this metaanalysis, the WMDs or the SMDs were decided to be estimated when the included trials employed similar measured instruments or different measured instruments, respectively. When a standard deviation of a changed mean score was not reported, it was gathered by applying any statistical analysis. If impossible, a direct substitution was used. 32 
Synthesis of results
Synthesis of data is able to apply either a fixed or random effect model. Based on the fixed effect method, all eligible trials are assumed to contribute a similar effect size, and the variations taking place across studies in this model were ignored. These major concerns could be solved by using a random effect model. In general, the conclusion for one true effect size is practically infeasible. Even if the eligible trials were comparatively homogeneous, we cannot exactly estimate them identically. Consequently, we planned to use a random effect model to synthesize all data in this meta-analysis.
Risk of bias across studies
To assess the reporting bias, a funnel plot, inspecting from each study against some measures of each trial's size or accuracy, 33 was utilized. 
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Test of heterogeneity
To determine the resemblance of study results, a test of heterogeneity should be applied. While performing this review, we hypothesized that the effect size was different owing to the quality of methodology in each trial. Individual study results were assessed to determine whether they had greater differences than anticipated by chance alone. To evaluate these results, we observed them shown as graphical display and also used the test of heterogeneity. When an I 2 of 50% or more was noted, the results were acknowledged as a significance of heterogeneity.
Statistical software
The RevMan 5.1 (The Nordic Cochrane Centre, Copenhagen, Denmark) was applied for all analyses in this meta-analysis.
Results
Study selection
The database searches obtained a total of 285 results (MEDLINE, 24; EMBASE, 43; PsycINFO, 168; CINAHL, 12; Cochrane Controlled Trials Register, 23; EU Clinical Trials Register, 3; ClinicalTrials.gov, 12) (see Figure 1) . When duplicates were removed, only 213 studies remained.
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After checking their titles and abstracts, 208 studies were excluded due to clearly not fitting the eligibility criteria. Three study reports obtained from the database of GlaxoSmithKline [34] [35] [36] were reviewed. Finally, full papers of eight studies were examined. [34] [35] [36] [37] [38] [39] [40] [41] Of these, three were duplicates, two were excluded because one was carried out in MDD patients not responding to an SSRI and had a high risk of bias, 38 and the other was a trial of the elderly population. 39 A total of three studies, therefore, were taken into account in this meta-analysis. Relevant or unpublished trials meeting the eligible criteria were not found.
Study characteristics
The study duration for the three included studies was between 14 to16 weeks, including up to 2 weeks of screening, 8-12 weeks of treatment, up to 3 weeks of taper phases, and up to 3 weeks of follow-up. All subjects were randomized at baseline to receive either bupropion or venlafaxine. The mean 17-item Hamilton Depression Rating Scale (HAM-D-17), 18-item Hamilton Depression Rating Scale (HAM-D-18), and Clinical Global Impression-Severity (CGI-S) scores at baseline were similar across the three studies (see Table 1 ). Of 1,117 participants, 65.6% were female (see Table 1 ). All participants were patients with MDD. Mean (standard deviation) ages of the bupropion and venlafaxine groups were 41.83±12.36 years and were 41.62±11.87 years, respectively. All subjects in the included trials were treated with bupropion XL or venlafaxine XR. The doses of bupropion XL (Wellbutrin XR ® , GlaxoSmithKline, London, UK) and venlafaxine XR (Effexor XR ® , Wyeth-Ayerst, Philadelphia, PA, USA) ranged from 150 mg/day to 450 mg/day and 75 mg/ day to 225 mg/day, respectively. Table 1 shows the basic characteristics of eligible trials.
Regarding depression severity, two studies reported the Montgomery-Åsberg Depression Rating Scale (MARDS) scores, and the other reported the HAM-D-17 scores. SMDs of the mean changed scores were calculated and synthesized. Because all three trials used the Changes in Sexual Functioning Questionnaire (CSFQ), the WMDs of mean changed CSFQ score were, therefore, estimated and synthesized. 37, 40, 41 All trials presented the rates of remission, response, overall discontinuation and discontinuation due to adverse events.
Risk of bias within studies
The randomized technique, double blindness, and an intention-to-treat analysis were applied in all trials. Dropouts and similarity of baseline were presented in all trials. None 
Notes: 1 = Adequate sequence generation; 2 = Allocation concealment; 3 = Blinding (subjective outcome); 4 = Dropout data addressed; 5 = Free of selective reporting; 6 = Free of other bias; 7 = Baseline similarity; 8 = intention-to-treat analysis or modified intention-to-treat analysis. Abbreviations: L, low risk of bias; U, unclear risk of bias.
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Maneeton et al of the trials presented a generated sequence for randomization and allocation concealment. The risk of bias for baseline similarity was not observed (see Table 2 ). Since all trials had the low-risk of biases, all their data were analyzed.
Results of individual studies
The mean changed HAM-D-17, HAM-D-18, or MADRS scores of both groups in each study was not significantly different (see Figure 2) . The rates of response and remission between the bupropion-and venlafaxine-treated groups in individual trials were comparable (see Figures 3 and 4) . In addition, the mean changed CSFQ scores of the bupropionand venlafaxine-treated groups in individual trials had no significant differences (see Figure 5 ).
Synthesis of results
Efficacy
Significant heterogeneity was observed in the SMDs of depression severity, the response rates, and the remission rates. The pooled SMD of depression severity had no significant differences between groups (SMD [ 
Discontinuation rates
Both discontinuation rates had no significant heterogeneity. The pooled overall discontinuation rate of the bupropion and venlafaxine groups was comparable (RR [ 
Risk of bias across studies
For a meta-analysis of nine RCTs or less, a funnel plot for the testing of publication bias may not have enough power to detect a chance of real asymmetry occurred by included results. 33 Hence, a test of funnel plot was not performed since only three trials were taken in this review.
Discussion
This meta-analysis identified only three randomized controlled trials of bupropion compared with venlafaxine. All participants were adult patients with MDD. Two of the three studies had the same study designs. 34, 35, 40, 41 
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Bupropion for major depressive disorder XL is as effective as 75-225 mg/day of venlafaxine in the MDD treatment. No difference of discontinuation rates due to adverse events or overall discontinuation rates suggests that both the tolerability and acceptability of both agents were comparable. Although there was a trend of superiority for bupropion with regard to sexual function, the pooled mean changed CSFQ scores of the two groups were still not significantly different.
The comparable efficacy and acceptability of bupropion and venlafaxine found in this meta-analysis should be viewed with caution. While venlafaxine appears to be superior to SSRIs (Stahl et al 2002;  42 and Papakostas et al 2007 43 ), bupropion may not be the same. A previous metaanalysis of seven RCTs comparing bupropion (n = 748) and SSRIs (n = 758) showed that bupropion and SSRIs were superior to placebo and had similar remission rates at week 8 (47% for both). While the present findings support the comparable acceptability of bupropion and venlafaxine, venlafaxine has been found to be less acceptable than SSRI. 27 Another study found that bupropion and SSRIs may have similar acceptability, with dropout rates of 59% and 55%, respectively. 44 These conflicting results may suggest that the efficacy and acceptability of bupropion are somewhere between those of SSRIs and venlafaxine. More clinical trials comparing bupropion and venlafaxine are therefore warranted to determine the efficacy and acceptability of bupropion as compared with other antidepressants.
Treatment-emergent sexual dysfunction related to antidepressants is a common problem in clinical practice. This problem may complicate the adherence to antidepressant treatment. Sexual dysfunction may be as high as 80% in MDD patients treated with antidepressants. Compared with placebo, higher percentages of sexual dysfunction are associated with citalopram, fluoxetine, paroxetine, sertraline, 
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Maneeton et al and venlafaxine. Antidepressant therapies with a lower prevalence of sexual dysfunction may consist of amineptine, agomelatine, bupropion, mirtazapine, moclobemide, and nefazodone. 11 Similarly, a meta-analysis of seven RCTs suggested that SSRI-treated patients had a greater rate of sexual dysfunction than patients treated with bupropion and placebo. 45 Possibly due to the small sample size, only the trend of superiority in this respect can be found in the bupropion-treated group.
This meta-analysis had a number of limitations. Initially, the measures of depression severity were different among the included trials. Although one of trials used the HAM-D-17 scale, the other two used the MADRS scale. The response rates, the remission rate, and the severity of depression derived from these scales were therefore varied across the studies. Secondly, this review took in account only three RCTs funded by a patent holding company for bupropion XL. Hence, the findings should be considered as rudimentary outcomes and interpreted with caution. Thirdly, although all included trials were categorized as low risk, they did not report a sequence of generation and blinding adequately. Finally, due to the small number of eligible trials, a funnel plot test to evaluate asymmetry could not be applied. 33 The publication bias in this matter, therefore, could not be excluded.
Conclusion
According to the findings provided from these three RCTs, bupropion XL was as effective as venlafaxine XR for adult MDD patients. The equivalent dropout rate due to adverse events indicates the comparable tolerability of both active agents. Based on the overall discontinuation rates, which took into account both the efficacious benefit and risk from adverse events, these agents appeared to have comparable acceptability. Based on the CSFQ scores, a trend indicated that bupropion is less likely to cause treatment-emergent sexual dysfunction. However, these outcomes should be considered as initial findings. Further well-defined clinical trials in this field should be conducted to confirm these findings. Additionally, further systemic reviews of bupropion in the treatment of MDD compared with other antidepressants, including SSRIs, may be useful.
